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& CD » « 4C fc: - 9 4 ZtoKfr* V 0>B$1BI 

*> A * . 

J_JSL 

a ^ t -c* * . 

a a 

# » E 0> 1 ffl ffi K *J o T tt . 7 »J v h ^ v K 
d<0 t - 3i < *&#«J*C>f V * »tt 
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BIT- #tt<Z>0ffi Sr#^lc, 

820&tf830l**«i5§0J»4':/**/xv h 

jft b ft! < , *lfii53©JR^>i'^x y h^U>h 
^ y K 1 0 tt . ttfilltfil/Tfiij. $111 

tteiBrllatfj&jfcaft. ctvk:«fcy-<>^^i 
a^i^snt^i. 1 l®IHI»fl 1 a 

1 2 tt . »30lCtt0^Ut^il^. X * - * 



asnacfc&ffiflB&jfctT^*. r © « 
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i lfceoraic/r&s-ar-cisfci 

-^U-M 2(&jff5£CD<fcBlcyX/I/?ll 2 a # 

ftI*&8016atfKR£n-Ci>*. 0 3 0^6916 
*fcftl< . ttfil lOl^l^lcAQ^^^O^ 
:/*3E13#P3«2*iT*?y, :«9E!lil3&<K 
»flTk-*»*l 6 <B*ijJft8J 1 6 a 
fttt&*i-tk>*. jic. An Sfc Si i 6 a 0 ffi flfi tc Sf 
a UT-tt® U - K& 1 6 b , 16btf«(^^l»: 
5i«E UTtttt 6*vTt*S. #»ictt. ftlJRSJ 1 6 
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K651 6 b<D*ft«ky%&ftttK*£<fc*ttk: 
KfcSftTt**. fcoT* t-^j»16<5W« 

mK**za*L+&t. u - i 6 b T?i*i«ift 

}Jn)J&&i 6 att-tofciftfiHi/fii 3 
att&ftrfcy, >2£<o£iairt *&#ut*? 

nr^i.-*, y-K»i6btt*«ii©a 

to&ffll6a*tttfcLT&Rtf>fc*£<KSSSft 

6bTtt3S«toK»J»&fifc3c:i:U:*<. * » 
l*ta£©16at?3lffttk:t7fe;hft&. *6T, AD 



6 ft r & y , *ftttj6*r*0£«e#>r:/*i5 
HHa-rv^isfc.koTfcj&sft. fifiiiA 

Kjfc/<Ta*K:J»#*#flt*. 

fc-***16lCSl«UTADJ»SJ16a#»J!& 
tit. An»& i 6 a 0^®TK*B itrstt *>ft 

9 I S\t & z £ £tt* 

tj^ttt, -r i 3 

Jttfctt** < ®£SftTfc y . ttoT-fV^^l 
3*6£tEl 1 i: 1/ - hi 2 fc <& Iffl <& £ 

rac##aftfcY>*tt*&p&i4^e&a<*«tttt 

®16a©HHfc»££ftaftfclC<J:oTfli»£ 
1 5 tt * > *3 1 3&«ttUTi»*W 
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tt* & u r is y\ raimss i 6 a <ojaBic 

tt&ft|W:»£UT*JSf . S XfUK 1 2 a iC £P 

1 K v ^ £ y (OliBJR*^ tttt^ftK: 
20VX0. 5AT*^. *»«?8<0«/ftlc«J:ft 

iovxo. o 5AiijftT & y * t * u 

Clfcrfiirtfii: **. £ ft IC <k 

seic. »«iik:iHi3fftiHi©ur>f>^^i3 
Lfc»^icfct* ftft»£*c«k*w 



-f > * « l& 81 1 4^v«tx$iv<5cii:At^K^ iC | n 
ifc S ft * <& 17 . B»t4/X;i/JL(ll|)jt5^icT3 
f * r fcjtf*RWic Bib* ft, 

Mc J: * fc - i»fi*a)»*A^ftt5 I: tO Rig 

®30i:jiil,f:^iJ>hAy K 1 0 <B £ # ft « |& 
ti55K:®5Hk:^«0-e^UT*y. t - * 3? * 
1 61* U- K & 1 6 b<o«9Jki«ffig5l 6 o 
tt&ftTt>*rfctf#*a. 

f34aSS7JS84cBfc#JHLT. 9*2 
8v«30, AtffB 5 0 Km u v 0 *J x. v 
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*. $84 a 0 1*. ft) £3 1 6 a *C jfi « £ *L S fflf O 

ttJS & b t\& y . i>^si8rt«YynB 

X^X^M 2 a ICfc^taiailC £ o T * - 

mi 6 a t AA/Xtt*»&ii«5li-fcSft©«<fi 

bTfc U . il!*&3 1 6 a CD & ffi ± T SI ft » 
fi'^IJll 7#*8£bfcfcfcttfflfcjiibTv*a. 
fcV^T. SI4o0ttilO»®16aCO»fflK:a?ai 

^U-httC&jD&gUl 6 a<Z>±«G>*fcfcf*er) 

2*vT>fV£«fl 5 a z zn&iz. *n 
1 6 a 0>fl9ffik:a?& 1 7 # fc£ b, *0#Rfr 
«C«^W<»^>f>^8ll 5 a<D#/ft»c«jBam& 
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bTE«bfc»^0>£»«**bTV>*. 3?K. 

!88bBtt, ^'i y ^tt©llDJ»® 1 6 a i y 

?L 1 2 a ttt£<*-/i-???2lt'rizK^lZ 

ft, Jt& bfcfijna&ttttKS 
^Tt., ftURSJ 1 6 a tt >> X^/?L 1 2 a * » £ 

oT»«iSAfc>f v^^iUtftk:^ Xjuh l 2 
J&907*aSfBl4gfcfcfc-:5rg?38l 6 E! 0? 1 

o*035»«*3*bT^a. bp^, 89B®£tt 
■=»Gimi 3 t?e^$ nfesmrt 

©U-K»16b, 16b/r5jgfiEU"CJ5»J. * 0> 
^flfl^WSr»«UTfBtt0ira»gpi 6 a *< jfc £ 
ttT»ft. I^«ki. 18 1 O00>3Sttfclc£v*Ttt, 
-#0tt#B**fcgft**tt&anfcy-K®Jl 
6b. 1 6 b <05fett&ra»c y if J&«<0*D5»ai 1 



©^»«Sa?ltvv5. 85 6 a 0<&^tt0l£ £ n 
16 a.Rtfl 6 a a KJ;oTUjJJttgm 6 #J&jjfc£ 
1 61±-#C07-A 1 6 a , ij > £f l 6 a,fc-e 

ai*»'6»Ai*iT^*. Sen. !& 7 a 0 X 

7baii*v<-yu.hl 2ic»gtt^iyx;i/a 

iti^cyXyi/^Li 2 a OietCtt. &K\t<<z/0 
1 5<&«^^8*<0&# lC £&Ta^*cai#bT 

JB8a0tt. afi«4*<0*ni»6P 1 6 o & J XJUK 

5 Ita^^ty X^ai 2 a fc * - -=y y-f 

- a) - 

6atfatt6ft-Ct*&. J& 1 1 ■0XlKMTtt, 
*e»J5«CDftltt©l 6 a U - K&l 6 b , 

1 6 b ©ft«|BjK»«bTSlW6ftT^S. JB 1 
20ttfB90O«|Jtfe^-r<S^U>h^yK<Z)B 

tfct. Ijfl&glll 6 atf* - hi 2C&® 

tfevX^/Jll 2 ak:«(£UTKtt**VC^&tf. 
iD3»fflI16ai:y 12afcttffi&bfc*a< 

i i ©coa? i 3 & ^i«Lfci^ffi_hK:ift 
»je i 8 fcti*#rtb?&»j • * i a a: 

^f->J5«2*lfc^^SJtt(5j«fflll8aH 

b-casy. i 8 a ttiam i 3 -e^fift* n 

*£rart k& y ffl b & b & . (*o t. c 
©2*»«k:*?v*-ctt, t - * 5?* i 6 

0U-K016b. 1 6 b ttfftftJB 1 8 0$ 

i8a±t«»^^$nrfey-sn!ija©>v»» 



- 21 - 



—268— 



- 22 - 



iiSH362-94347(7) 



utt ill J&fc*y :»tt«W^ 
tB*>5i!«&fc«fc*si*&fi£w>2 1 5 ur-r 

Ktt, 1 SlinSNtS/yuviifaiiA^. 

»1500|«j«li. 1 1 © 1 &ffi±K& 

jg i s <b®#\ttr 4 v ? =7 a^^i«itv>4. t 

#*cftl*T. fc»iai8i:fc:-*3g*16i:&:* 
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$&18@0£Jfc«fc*?l>Tli. «finoia 

fi& U T -< 1 4 & j£fi&L*CD-«8*lC*? 

V*TD3&f 1 3fc»fil l&JtaUT5*a*i*:TV* 
*. fifill(0iail3&»*Lfc±«S±ttt 

tcf ©J:K:i±^X;i/?Ll 2 a i?)t|8ll/fc»/<-y 
U-hl2«rft«LTfc*. IfillOT 

181 9 ®7b Mm 2 1 HCD3&»«tt. 1 1 & 

1 90&l*J&2OBfcwUfcHI&ttfcJSv*Ttt, 
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-Iffc ItfeHttt ftilji:? ^- K 1 9 **/<- 
^ 1/ - h 1 2 i: g« 1 1 fc«iaik:^ffii-tirfc»^ 
©$»«jfwLTv^. 35 1 6 HAtfJg 1 70»c 

#tt<&»#j&jft£nTfcy. c0»tt>f>^iii« 

6 a fc#o*rfc-*5?Sl 6 #36 « 1 1 ± ic » I* 

^tfiy. K-r /a ra &* y * < «*c 

5e^-t<o±ic*/<-yi/ - h i 2^HBffl*nrv> 
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k a & 1 i t> & a c:nfccJ:oT>ri/^^i 3 
>r > * fttttt 1 4 #j»jft£ nt *? y . xan&f&i 

6 ali^f>^l 305feiinrtS:Ji^LTffi^^n 

tv>a. cioiitti«tt«ja^ffije)T«r4i-e* y « 
jfij^?ffiT*&. x. t - * 1 e t ; xn* 1 

tfttfcjB&sn-tfcy . RA'ttxyfy^tio 
hi e^o^i 3Wt^/iitissuajbSi 

ft. d 0«£lC. iDJ»»16attfflyffiU9518 
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**<fct>l»*te0JB0*»ffi**#**ofc* 
©klK^-r a £ * U ♦ »»bfc»^tck-3i 

ft |g 2 2 a 0 7*SJ8 2 2 iafc$IlT. Jg 

1®J:IC. ttS0&*n0R«ii#afc * y , -m 
^ij^fylfi 6 iftMta. ftv^-c. £22 

bHlC^bfcJn<. »16xU6yfcl6z* 
^ft^a^Jgl 6©±lC*M/i;xh2 U3- 
fO^ti. £0* h 1/ h 2 1 fcffi£0J* 

ICjRLfcft**M/i;xh/t3i-^2 I a f 21 

>y - a y t << > if & igffl^ntf A^. *ttic£ 

^y^^xaajBaii&Ti&y. tt£»i6a**T 
iaiaa»i afc^yi/^-j/avjaiattjBi 6 a 

*y. XJB 1 6 a ttSi#ttlCtfi»«T?»«£n* 
Jflbfc»£0£»0lic{<tV>T»2 30ft^Ibt 

p « k s» bji -T a . i/ynvjsteiiw-hsffl^ 
(ioo) ffi-c&y. *dic>rvf*»iiaft 
J*;frttxv*>^fc<J;yjimT*fc;afcfc-*im 
JRSJ1 6 a & 7>5T-xyf >iftJ;,Tiifit 

«««jt0i«ij»eui 6 a (i i i) 

5" fcfc&KKH;* t*S. «2 3a©^»««-Ctt. 
1 1 a 10«8Pfcrafc 



bfc^^-T^. ft^T?. 18 2 2 d HK^ Ufc*P < . 

a^Wtxyf v^ti. *0&fc. *M/V^ 
h/<»-V21ap 21btNlt«i:«22e 

ftv*T?. »22fglCwbfe*D<, «^#0* 
Settler:* ffcvy3V*£fca/<*t''<-J/a 
V«22$ft«)&|«it6. fct>T?, *M/i/^ 
hfrtt**i*rT»ft&tfEttfctf*t>IS22g0 

HicjRUfc*ie«iat*^:a - * v> -c . 

*h/**-V23&»JtU. * 0 ft C . rRIti/ 

J:oT®^l 6 aOTffl&yvf-^v^-fV^ 
4*TC3^fl 3 &#&L*0I»*C&#1 6 a & # 
#36tt0«ffcfc S*a . ft* &#16a«:»«« 
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er®*b. *0fctt i i a 0H«ifi»ki4 s&0 
a«T$R«t*K5£#ii-aAnJ&g&i 6 a t 

* 1 6fcJfcJ5brtt»«3»26^KW6ftt»U, 

2 6 «» IC »M«iifi fi: W-T *ft*0& 
26afc. *0««fc:»«3nfc-*f0y-K9l 
2Gb, 26b. &Ttfta«SJ26c i 2 6 c 
UT^i. ffi/**D35*26H;fc-*3?*16i: 
0 4&R* 6 ft K&tfL-r a A . 4**1! 5? 
3» 2 6ttfc»J&2 6 a USttafBfttttftt (tt*. 

tf*ft«tt> ©Rftfctt^ur-o^aitti 1 a 
& ffl£-T a . £«i lJtKtt/X/bfti 2 a 

®ufcaA-:/u~hi2*tttf-r*#. t©« 

£lc. #»k:l*W*IB!fcffi£0J8t*0SjI:y U- 
hfc^KSttafciu*. ft . # 2 3 0 »* . 
©yX^M 2 8A^Of»»l 1 a 0*0j* 

1 la*&K-r*fc:Kfc:**vK*ftfbTy X7l/?L 
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±* z z t &wmv $> a . 

K , i/yn>«(g*S!IBb. fc - & 1* *fl 
fc*tf#8»iSi: bfc»£<BJ&#ttiJS»ttKtt^ 
T|g2 4 0^5|g3O0i^SlLt»ttKBl?8t 
2. m2407»2Jg26@t±$2 7B&tf£28 

Sift -f > if *J = v h^UVh'sy K®1M4>*'<- 
^l/-M2k, »jh^l/-H9t, 1 1 

tS^^a?btv\S. IB 2 6 gkiw Ifcft < . ^ 
y n 1 ltt-fc&ffiJtlctt-fiMfcS/yri:/^ 

f>if«iinto^i 3&g£-r*c3m# 

V*Ttt, >f & 1 3 rt ksb y & it 

T * 0 . *©±Ctt**fc-*»*16<Dy>^ 
- 31 - 

i 3rt®^ifflk:g3ytfiLr-^«)y>^«iaJft© 

fc-*E*16&tf*#»*2 6tt**W«ttC 
Hiltifeecuatt^^-Cfci, 930B9 

*e>«B e> < , it is x i ±KKmte<D&tt* 

v» * . fcoT, # 01 J3 w» T , jStSlU^? 
^yi/-h20i:-C»«l l<DH»fflSK*#flK 

ftK* ±&bfc fc-*»*l 6 i:lft*DSls&2 6 
18 3 10i:SLf:»<, 

yi/ - hi 2fcCD|ffllC^«*nfc-fV^*i«rtlC 

fcffil6aT©3rWK;talfc**£fclc<fcr>T&fc 



WHnJRgJJ 1 6 a t. «»H*26©'JV^««» 
& 2 6 a *M2fttl> * . 

$ 2 6 0CB£»«fc*Jl*T t*. t-f5l*16 
©±ffl U - K® 1 6 b fc«^3?9»26©TfflU- 

Ht5iLfc«»)gtt0fil9 a bfc#jty 
b-M9i»«l, &wT*<&_tKj824@lC 
wlf:jD<n»©;X;i/?Ll 2 a'*#© b fcA/t 
- ^ U - hi 2ft»^1tT^'jnA y H^ 

&&1 9 at***8-fV*&l 3<0*«&fcyH>b 

jtt. y x/uk i 2 a t - 9 mm 1 6 
<&y>^ttin!&&i e aicfi^.iTRBina. 

»2 9 0Xtffg3O0lCwtfc^ijyhAy K 

tt-LEbfcz/y v h^y K<og5^«t?fe y . 
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X/Uni 2 a *&fftllllT0^1 5 a * # 
»jW5?j»2 6©tt«l®2 6olcJ; 
oTT^f V* 1 5©fi«fctt*Db*a>»fitSf8K* 
r5^T2lDf»^l6a(O2l0^BR»l&$1»b»a^>< 

1 6Htttt*nfcl:-3»Bg»®a»2 1 tt* >f 5 > 

nrsy. «»5jj|i2 6ic»«*nfci 

2 2 * >f ^ V 2 3tt-^« 

»fS»01«24fclC»tSl**itV>5. 

C CD»£ K , »2 60»CwUfe^»«fi)»< t 
-*M*16fc**J3?*26*:£#ai£83 6S 
*Tt-^BIl@»2Utfj«iattlli@«l22A 

««-r fa r t b < , *om*tf 

ki, *a»«i36tttt%»«tstAv>. 

«ic® 3 3 H^gsm 3 5 h & srat it, 

t-:5»«*o3R«XW:^»»«ii&*»»JSi:b 
< * fc* <!D — « <Btt©»4*& ffi<0 IB® 
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ttttft i 8 tfta#^f&£ £ y . *0>lfi#fcl 

8#&?£co»t*K: 

£ & 1 3i|glt^4. 8 CD - gJUi >f 

$#g& 1 8 a fcll^lT^S. *6»JB 1 8±Kltt 

k - 4i 8$ 1 6 ifiWf&H iix e'y . **.ii-*fco 

I^'tiiaifcy-Kliebi:. 

* & 1 3©£|fflK:##»ttfc**#«>icE^k:ifi 

ttoT, -*r<& *rag* i 6 d t y >^tt2nu*& i 

#8B1 8 aJtfc##^j£2*l,T2»«tf<0##& 

- 35 - 

St. IB3 30Rtf$g3 40lC^Ufc3S»«k:J5 
UTtt, U > ^^ttCDiDJRSJ 1 6 a fi: y X;i/?l 1 

Ini^iciyK-^SBfllfife^A^^^^jaffi^n^© 
& t~m<tis v zi > ttt ax* 

ta^»«*wU^5. BP *> + $3 5 0 CD £ » 

A^-ift Lt #jt :/ L> - h 1 9 tfift 

aa*iTt^. X. *«IC*?v>TH:. Jftttl 10) 
±£ffi±k:f**#jaLfc|ft**18flD±Kfc-* 

g?*i6«:tt*jf*fi&UT*?y. £fc*co±k:|ft» 
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Claims 

1. A thermal inkjet printing head characterized by the following facts: ink is locally heated in the 
thermal inkjet printing head, and bubbles are generated in the ink so that an ink droplet is formed from 
said ink; a nozzle hole is set in this thermal inkjet printing head and, together with it, an ink flow 
channel is set connected to said nozzle hole and allowing filling of said ink; and, in the space of said ink 
flow channel, a heating means is set at least whereby a portion extends in the space. 

2. The thermal inkjet printing head described in Claim 1 characterized by the fact that said ink flow 
channel is formed between a base plate and a cover plate, said heating means is formed on said base 
plate and a selected portion of said base plate is etched off so that at least a portion of said heating 
means is separated from said base plate. 

3. The thermal inkjet printing head described in Claim 2 characterized by the fact that said heating 
means has a heating part that is heated as current flows in it. 

4. The thermal inkjet printing head described in Claim 3 characterized by the fact that said heating 
part is formed in a bridge shape. 

5. The thermal inkjet printing head described in Claim 3 characterized by the fact that said heating 
part is formed in a cantilever shape. 

6. The thermal inkjet printing head described in Claim 3 characterized by the fact that at least a 
portion of said heating part is formed in an H shape. 

7. The thermal inkjet printing head described in Claim 3 characterized by the fact that at least a 
portion of said heating part is formed in a ring shape. 

8. The thermal inkjet printing head described in Claim 3 characterized by the fact that said nozzle 
hole is formed through a prescribed site of said cover plate. 
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9. The thermal inkjet printing head described in Claim 8 characterized by the fact that said heating 
part is aligned to said nozzle hole. 

10. The thermal inkjet printing head described in Claim 8 characterized by the fact that said heating 
part is offset at least partially from said nozzle hole. 

11. The thermal inkjet printing head described in Claim 3 characterized by the fact that said nozzle 
hole is set between said cover plate and said base plate. 

12. The thermal inkjet printing head described in Claim 3 characterized by the fact that said nozzle 
hole is formed through a prescribed site of said base plate. 

13. The thermal inkjet printing head described in Claim 12 characterized by the fact that said nozzle 
hole is formed in a tapered shape by means of anisotropic etching of said base plate. 

14. The thermal inkjet printing head described in Claim 3 characterized by the fact that said heating 
means has a pair of lead parts connected to the two ends of said heating part, and said lead parts are 
attached to said base plate and, at the same time, said heating part has an electrical resistance 
substantially higher than that of said lead parts. 

1 5. The thermal inkjet printing head described in Claim 14 characterized by the fact that said heating 
part and said lead parts are made of the same substance, and the cross-sectional area of said heating part 
is smaller than the cross-sectional area of said lead parts. 

16. The thermal inkjet printing head described in any of Claims 1, 2, 3 and 14 characterized by the 
fact that an insulating layer is formed on said base plate, and the lead parts of said heating means are 
coated on said insulating layer. 

17. The thermal inkjet printing head described in Claim 1 characterized by the fact that a temperature 
detecting means for measuring the temperature of said ink is set near said heating means. 
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18. The thermal inkjet printing head described in Claim 17 characterized by the fact that said heating 
means and said temperature detecting means substantially have the same constitution. 

19. The thermal inkjet printing head described in Claim 2 characterized by the fact that a sealing 
plate having a prescribed hole formed through it is between said base plate and said base plate [sic, 
cover plate]. 

20. A thermal inkjet printing head characterized by the following facts: ink is locally heated in the 
thermal inkjet printing head, and bubbles are generated in the ink so that an ink droplet is formed from 
said ink; in this thermal inkjet printing head, a prescribed position of the base plate formed with an 
insulating layer coated on one surface is etched off from the side of the surface opposite said one surface 
and a diaphragm is formed by the selected portion of said insulating layer; a heating part is set on said 
diaphragm so that the heating means is attached to said insulating layer, and a cover plate is set 
separated from said insulating layer with a prescribed distance to form an ink flow channel, and, at the 
same time, a nozzle hole is formed through said cover plate, and, as ink in said ink flow channel is 
sprayed out from said nozzle hole, an ink droplet is generated. 

21. The thermal inkjet printing head described in Claim 20 characterized by the following facts; joule 
heat is generated due to the flow of current in said heating part; said heating means has a pair of lead 
parts connected to the two ends of said heating part; and said lead parts are also attached to said 
insulating layer. 

22. A thermal inkjet printing head characterized by the fact that it has the following parts: a base 
plate having a prescribed position etched off to form a recession on one surface, a first layer, which has 
a first linear expansion coefficient and is attached to said one surface, and has an extension portion that 
extends in a prescribed shape into the space above said recession, a second layer, which has a second 
linear expansion coefficient different from said first linear expansion coefficient and is attached to at 
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least said extension portion of said first layer, a cover plate, which is separated by a prescribed distance 
from the insulating layer of said base plate and has a nozzle hole formed through it, and a heating 
means, which at least heats said extension portion and bends said extension portion by means of the /3 
difference between the first and second linear expansion coefficients. 

23. The thermal inkjet printing head described in Claim 22 characterized by the fact that in said 
heating means, as current flows through said second layer, joule heat is generated in the heating part of 
said second layer. 

24. The thermal inkjet printing head described in any of Claims 1, 2, 3 and 23 characterized by the 
fact that said first layer is made of a substance selected from Ta20 s , SiCh, Si2N 4 , AI2O2, and the second 
layer is made of a substance selected from Ta, Ti, W, Cr, Ni, Mo, Pt, TaN 2 , TiN, SiC, WC, NiCr, 
stainless steel, Ptlr, and PtRh. 

25. The thermal inkjet printing head described in Claim 24 characterized by the fact that said base 
plate is a monolayer or multiple layers made of substances selected from Si, W, Mo, Cr, Ni, NiCr, 
stainless steel and resins. 

26. A thermal inkjet printing head characterized by the following facts: ink is locally heated in the 
thermal inkjet printing head, and bubbles are generated in the ink so that an ink droplet is formed from 
said ink; a nozzle hole is set in this thermal inkjet printing head, and, together with it, an ink flow 
channel is formed that is connected to said nozzle hole and allows filling of said ink; a heating means is 
set for locally heating the ink in said ink flow channel to generate bubbles; and said heating means has a 
heating part for growing said bubbles toward said nozzle hole. 

27. The thermal inkjet printing head described in Claim 26 characterized by the fact that said heating 
part is set whereby it at least partially extends in the space in said ink flow channel. 
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Detailed explanation of the invention 
Technical field 

The present invention pertains to an inkjet printing head for use in inkjet printers, etc. More 
specifically, the present invention pertains to a thermal inkjet printing head that makes use of thermal 
energy as the driving source to generate ink droplets for printing. 

Prior art 

The thermal inkjet printer is well known. It is one type of the so-called on-demand inkjet printers. 
According to its operation principle, ink is locally heated to generate bubbles, and the exhaust volume 
by the bubbles generated in this case is used as the driving force to eject the ink from a nozzle hole to 
form an ink droplet for printing. Figure 1 is a schematic diagram illustrating a printing head used in a 
conventional thermal inkjet printer. As shown in the figure, ink flow channel (1) is formed on the 
printing head. Nozzle hole (la) is formed on one end of the ink flow channel. The other end is connected 
to ink feeding path (2). Ink flow channel (1) is filled with ink (3). Usually, in nozzle hole (la), ink (3) 
forms a meniscus due to surface tension. At the prescribed position on the wall that defines ink flow 
channel (1), heater (4) is formed. Here, instant heating leads to a film boiling on heater (1) [sic, (4)]. As 
a result, bubbles (5) are generated on heater (4). Consequently, due to the exhaust volume by generation 
of bubbles (5), ink (3) is partially pressed out from nozzle hole (la), and said pressed-out portion (3a) 
then forms an ink droplet. Heating in this case is performed by applying a current pulse to heater (4) to 
generate joule heat. Consequently, after the pulse, heater (4) is quenched by ink (3) and the bubbles are 
extinguished, and fresh ink is fed into ink flow channel (1). 

In this way, with this conventional thermal inkjet printing head, it is possible to perform on-demand 
printing. However, as heater (4) is on the wall of ink flow channel (1), heat generated by heater (4) is 
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dissipated due to thermal conduction to the main body of the head. Consequently, the heating efficiency 

of heater (4) is poor, and, when a pulse current is applied, the rise in temperature of heater (4) is 

relatively mild, so that sufficient film boiling cannot be performed. This is undesired. Also, as the 

thermal capacity of the main body is greater than that of heater (4), it takes a long time before heater /4 

takes a long time before heater (4) rises to the prescribed temperature, so that not only is power 

consumption high, but also the thermal frequency response is slow, and the printing speed is thus 

limited. This is undesired, too. 

Purpose 

The purpose of the present invention is to solve the aforementioned problems of the prior art by 
providing a thermal inkjet printing head characterized by having both higher thermal efficiency and 
higher printing speed. Another purpose of the present invention is to provide a thermal inkjet printing 
head that allows easy manufacturing and is especially appropriate for high-density multinozzle 
structures. 

Constitution 

As a feature of the present invention, a heater is set in the ink flow channel formed in the printing 
head, so that the ink in the ink flow channel is locally heated to form bubbles. Said heater is formed such 
that it at least partially extends into the space of the ink flow channel, so that dissipation of heat from the 
heater to the printing head main body and base plate can be minimized. With said constitution, it is 
possible to minimize thermal conduction from the heater to the base plate. Consequently, it is possible to 
reduce the power consumption when it is heated to a prescribed temperature, while the thermal 
efficiency is improved. As a result, the printing speed can be increased significantly. 
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As another feature of the present invention, the heater is composed of two layers made of substances 
with different linear expansion coefficients. In this constitution, for example, when a current is applied 
to generate joule heat, the heater bends in the prescribed direction due to the difference in linear 
expansion coefficient of the layers. The kinetic energy of this bending movement is imparted to part of 
the ink. As a result, it is possible to form an ink droplet. In this case, when bubbles are generated due to 
heat from the heater, due to the exhaust volume caused by bubble generation and imparting of kinetic 
energy due to the bending movement of the heater, the ink droplet can be generated efficiently. 

As yet another feature of the present invention, when a heater is set in the ink flow channel to 
generate bubbles, the bubbles gradually grow toward the nozzle hole according to the constitution. As a 
result, in the bubble growth assumption, the exhaust volume imparts kinetic energy to a portion of the 
ink toward the nozzle hole, so that the ink droplet can be generated efficiently. In this case, the heater 
may also be placed on the wall of the ink flow channel. However, it is preferred that it extend into the 
space of the ink flow channel. 

In the following, an explanation will be given in more detail regarding the specific embodiment of 
the present invention with reference to the attached figures. 

Figures 2 and 3 illustrate an application example of thermal inkjet printing head (10). As shown in 
the figure, thermal inkjet printing head (10) of the present invention has base plate (11). On one surface 
of base plate (1 1), a trench or recession (1 la) is formed by means of anisotropic etching. It defines ink 
chamber (13). On the surface of base plate (11) where recession (1 la) is formed, cover plate (12) is set 
at a prescribed distance. Although not shown in Figure 3, cover plate (12) has a spacer or sealing plate 
between cover plate (12) and base plate (1 1) so that the cover plate is positioned at a prescribed distance 
from base plate (11). Consequently, ink feeding channel (14) is formed between base plate (11) and 
cover plate (12). This ink feeding channel (14), together with ink chamber (13), forms the ink flow 
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channel. Consequently, ink chamber (13) and ink feeding channel (14) are usually filled with ink liquid 
(1 5). In this application example, nozzle hole (12a) is formed through the prescribed position of cover 
plate (12). 

Heating part (16a) is set extending into the space in ink chamber (13). As can be seen from Figure 3, 
on the surface of base plate (11), ink chamber (13) in a nearly rectangular shape is formed as a 
recession, and heating part (16a) of heater element (16) is set in a bridge shape across said recession 
(13). In addition, a pair of lead parts (16b), (16b) connected to the two ends of heating part (16a) extend 
in the lateral direction. It is preferred that said heating part (16a) and lead parts (16b) be formed by 
attachment simultaneously using the same type of substance. However, as shown in the figure, the width 
of heating part (16a) is selected to be substantially narrower than the width of lead parts (16b). 
Consequently, the electrical resistance of heating part (16a) is also set to be substantially higher than that IS 
of lead parts (16b). Consequently, when current is fed between the two ends of heater element (16), 
substantially no joule heat is generated at lead parts (16b), while heating part (16a) is significantly 
heated due to the joule heat. In this case, said heating part (16a) that generates substantial heat is almost 
entirely set in bridge shape on recession (13), and it extends into the space of the ink chamber, with the 
portion in contact with base plate (11) made as small as possible. On the other hand, lead parts (16b) are 
attach to the surface of base plate (11). However, the resistance of this portion is set to be substantially 
lower than that of heating part (16a). 

With said constitution, when pulse current, for example, is fed to heater element (16), substantially 
no heat is generated in lead parts (16b), while substantial heat is generated in heating part (16a). As 
heating part (16a) extends into the space of recession (13), almost its entire length is in contact with ink 
liquid (15), so that the heat generated in heating part (16a) can be transmitted efficiently to ink (15). In 
this way, all of the heat dissipating from heating part (16a) is absorbed by surrounding ink (15), and it is 
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possible to avoid escape of heat by thermal conduction to base plate (1 1). As a result, the thermal 
efficiency becomes much higher than that of the prior art. 

As power is fed through heater element (16) to generate heat from heating part (16a), film boiling 
takes place on the surface of heating part (16a), and bubbles are generated. Consequently, ink (15) is 
exhausted from within ink chamber (13) by a volume corresponding to that of the bubbles. In the present 
application example, the volume of ink chamber (13) is set to be relatively large. Consequently, the 
hydraulic resistance from ink chamber (13) to ink feeding channel (14) formed in the space between 
base plate (1 1) and cover plate (12) increases. Consequently, ink (15) exhausted by the bubbles 
generated around heating part (16a) in a thin plate shape flows in ink chamber (13) and efficiently 
moves toward nozzle hole (12a). As a result, ink droplet (15a) is generated. Said ink droplet (15a) is 
projected toward the recording medium not shown in the figure. In the state shown in Figure 2, no power 
is fed to heater element (16). Consequently, no bubbles are generated around heating part (16a). At 
nozzle hole (12a), ink (15) forms meniscus (15b) due to surface tension. 

In this way, when power is fed to heater element (16) to form ink droplet (15a), when nearly all of 
the heating part is set in contact with the base plate as in the prior art, the heating power per dot is about 
20 V x 0.5 A. On the other hand, according to the constitution of the present invention, it is only about 
10 V x 0.05 A. Consequently, it is possible to significantly reduce power consumption. As a result, 
according to the constitution of the present invention, even with multinozzle units, power consumption 
is still low, and the power source unit can be made in compact, or a battery may be used as the power 
source if appropriate. Consequently, a portable inkjet printer is made possible. 

In addition, when a recession is formed on base plate (1 1) to set ink chamber (13), propagation of the 
flow of ink in ink chamber (13) due to bubble generation to ink feeding channel (14) that has a high 
hydraulic resistance can be substantially stopped, so that interference between adjacent nozzle holes can 
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be substantially prevented, so that a high-density multinozzle constitution is possible. Also, as explained 
above, in the prior art, as the thermal response is slow, swift control of bubbles formation is impossible. 
Consequently, thermal loss and overheating lead to shortened lifetime of the heater element, which is 
undesired. On the other hand, in the constitution of the present invention, the thermal response is fast, 
and the heating temperature can be controlled finely corresponding to the environment. As a result, the 
thermal response increases and the lifetime is longer. Also, Figure 5 is an oblique view illustrating the 
overall constitution of thermal inkjet printing head (10) shown in Figures 2 and 3. It can be seen that 
heater element (16) has electrode parts (16c) at the ends of lead parts (16b). 

In the following, an explanation will be given regarding the operation principle of the thermal inkjet 
printing head (10) shown in Figures 2, 3, and 5 with reference to Figures 4a-4c. Figure 4a is a diagram 
illustrating the state before power is fed to heating part (16a). In this state, ink (15) in ink chamber (13) 
contacts the entire exterior of heating part (16a) in a bridge shape, and, at nozzle hole (12a), meniscus 
(15b) is formed due to surface tension. Figure 4b is a diagram illustrating the state right after a pulse 
current is fed to heating part (16a). In this case, film boiling takes p lacejy the surface of heating part 
(16a), and bubbles (17) start forming. Figure 4c is a diagram illustrating th e state when bubbles (U ) 
grow the entire exterior of heating part (16a). IflJhjs^ case, bubble s are gene rated not only on thej ipper 
side of heating part (16a), but also on the lower side. The ink corresponding to the volume exhausted by 
generated bubbles (17) is pressed out from ink chamber (13). However, in this case, because the 
hydraulic resistance from ink chamber (13) to ink feeding channel (14) is relatively high, the exhausted 
ink flows to nozzle hole (12a), passes it through and exits to form ink droplet (15a). In this way, bubbles 
(17) are generated on both surfaces of heating part (16a), and their exhaust volume can be used 
efficiently in forming ink droplet (15a). The efficiency is thus greater than that of the prior art. 
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Figures 6a-6c illustrate various application examples of heater element (16). In the application 
example shown in Figure 6a, heater element (16) is formed by a pair of strips (16ai) and (16a 2 ) 
separated and parallel to each other. In the application example shown in Figure 6b, heater element (16) 
is composed of a pair of arms (16a3) and (16a4). On the other hand, for the heater element shown in 
Figure 6c, heater element (16) is formed as H-shaped part (16a 5 ). Figures 7a and 7b illustrate application 
examples when nozzle hole (12a) formed through cover plate (12) is in tapered shape (12ai) and flared 
shape (12a2), respectively. The shape of said nozzle hole (12a) can be selected appropriately from these 
shapes corresponding to the viscosity of ink (15) and various other conditions. 

Figure 8a is a diagram illustrating an application example in which instead of aligning bridge-shaped 
heating part (16a) with nozzle hole (12a), it is offset to the right in order to partially overlap nozzle hole 
(12a). In addition, Figure 8b is a diagram illustrating an application example in which bridge-shaped 
heating part (16a) is not overlapped with nozzle hole (12a), instead, they are set deviated from each 
other in the lateral direction. In all of the aforementioned application examples, heating part (16a) is 
offset from nozzle hole (12a), instead, it is offset from one end of ink chamber (13). As a result, the ink 
exhausted by the bubbles generated on the surrounding of heating part (16a) can flow more efficiently 
toward nozzle hole (12a). 

Figures 9-14 illustrate several application examples in which heater element (16) is set in a cantilever 
shape instead of said bridge shape with respect to recession (13). That is, in the application example 
shown in Figure 9, a pair of lead parts (16b), (16b) extend from the right hand side of rectangular shaped 
recession (13) into the space defined by recession (13), and their tip portions are connected to form a 
narrow heating part (16a). Similarly, in the application example shown in Figure 10, ring-shaped heating 
part (16a) is set between the tip portions of first and second output gates (16a), (16b) set parallel to each 
other extending as a pair of cantilevers. In the application example shown in Figure 1 1 , an H-shaped 
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heating part (16a) is connected between the tips of a pair of lead parts (16b), (16b). Figure 12 is a 
cross-sectional view illustrating the structure of a printing head having the structure shown in Figure 9 
as seen from direction B-B. In this case, heating part (16a) is set aligned to nozzle hole (12a) formed 
through cover plate (12). However, as explained above, heating part (16a) and nozzle hole (12a) also can 
be offset from each other. 

In the application examples shown in Figures 13 and 14, insulating layer (18) is coated on one 
surface of base plate (11) where recession (13) is formed. Said insulating layer (18) has 
cantilever-shaped supporting part (18a) formed in the prescribed pattern, and supporting part (18a) 
extends into the space formed by recession (13). Consequently, in this application example, 
cantilever-shaped lead parts (16b), (16b) of heater element (16) are coated on supporting part (18a) of 
insulating layer (18) to form a double-structure cantilever-shaped beam. As to be explained later in more 
detail, the portion extending into the space has a double structure made of substances having different 
linear expansion coefficients. As a result, vibration takes place due to heating of the extending portion. 
The magnitude of this mechanical movement can be used efficiently in forming ink droplet (15a) from 
(15). Also, when base plate (1 1) is made of silicon, insulating layer (18) may be made of silicon dioxide. 

In the application example shown in Figure 15, insulating layer (18) is coated on the entirety of one 
surface of base plate (1 1). On the opposite surface, a selected portion of base plate (1 1) is etched off 
until insulating layer (18) is reached to form recession (13). Consequently, the portion of insulating layer 
(18) exposed by recession (13) forms a diaphragm. On insulating layer (18), heater element (16) is 
formed, so that the heating part is set on the diaphragm. According to the present application example, in 
addition to the effect of volume exhausting due to bubble generation of heater element (16), as 
insulating layer (18) and heater element (16) are selected to have different linear expansion coefficients, 
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heat generation of heater element (16) leads to vibration of the diaphragm. Due to the mechanical 
movement in this case, growth of ink droplet (15a) may be augmented. 

Figures 16-18 illustrate an application example in which sealing plate (19) that works as a spacer for 
defining ink feeding channel (14) that feeds ink into ink chamber (13) is included between cover plate 

(12) and base plate (11). In the application example shown in Figures 16 and 17, on one surface of base 
plate (1 1), a trench in a straight line channel shape is formed extending for a prescribed distance from 
one end of the base plate. This trench forms the ink flow channel, and a portion of it defines ink chamber 

(13) , and, at the same time, a portion of it defines ink feeding channel (14). Said heater element (16) 
having heating part (16a) extending into the space in ink chamber (13) is set on base plate (11), and 
sealing plate (19) in a U shape is formed around the periphery of the ink flow channel. Then, cover plate 
(12) is set on it. With said constitution, ink chamber (13) and nozzle hole (12a) are entirely independent 
of each other, so that even in this case of a multinozzle structure, there is still no adverse influence from 
the other nozzles. 

In the application example shown in Figure 18, on one surface of base plate (1 1), etching is 
performed to form recession (13), and, together with it, on the opposite surface of base plate (1 1), a 
channel trench is carved to form ink feeding channel (14). At one end, recession (13) and base plate (11) 
are connected through it. Sealing plate (19) that is formed in a prescribed pattern and works as a spacer 
is coated and set on the upper surface of base plate (1 1) with recession (13) formed there. Then, cover 
plate (12) having nozzle hole (12a) formed through it is set. On the other hand, on the lower side surface 
of base plate (11), back plate (20) is set to define ink feeding channel (14). Also, in these application 
examples, too, heating part (16a) is aligned to nozzle hole (12a). However, as explained above in the 
aforementioned application examples, they may also be offset from each other. 
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In the application example shown in Figures 19-21, base plate (1 1) is subjected to anisotropic etching 
to form a through-hole that is used as the nozzle hole. That is, in the application example shown in 
Figures 19 and 20, anisotropic etching is performed on base plate (11) to form tapered through-hole 
(1 lb). By means of this hole, ink chamber (13) is formed, and, together with it, a nozzle hole for 
injecting ink droplet (15a) is formed. Said back plate (20) is set separated by a prescribed distance from 
base plate (11), forming ink feeding channel (14) between them. Also, heating part (16a) is set extending 
into the space of recession (13). In this application example, the structure is extremely simple, and 
manufacturing is easy. Also, processing of heater element (16) and through-hole (1 lb) is integrated in a 
series of photoetching processes, for correct positioning alignment precision and interval formation. 

Figure 21 is a modified example of the aforementioned application example. On the inner surface of 
base plate (11), insulating layer (18) is coated and formed, and, when tapered through-hole (1 lb) is 
formed by means of anisotropic etching, insulating layer (18) protrudes into recession (13) to form 
protruding portion (18a). On said protruding portion (18a), heating part (16a) of heater element (16) is 
coated and formed. Also, in this case, heating part (16a) is formed extending along the edge of 
protruding portion ( 1 8a). 

As explained above, heater element (16) may be formed either as monolayer o or multilayer 
structure. Especially, for the multilayer structure (for example, in said application example, heater 
element (16) is formed on an insulating layer), at least one layer has a linear expansion coefficient 
different from the other layers. As a result, when heating, heater element (16) vibrates, and the 
mechanical movement can be used effectively in generating ink droplet. In the following, an explanation 
will be given regarding an example of manufacturing of the cantilever-shaped heater element 
surrounded by an insulating layer with reference to Figures 22a-22i. 
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As shown in Figure 22a, on silicon or other type of base plate (11), using any well known film 
manufacturing method, insulating layer (18) made of silicon dioxide or the like is formed and attached, 
and, then, on this layer, molybdenum layer (16x), platinum layer (16y), and molybdenum layer (16z) are 
formed sequentially. Then, as shown in Figure 22b, on composite layer (16) composed of layers (16x), 
(16y) and (16z), photoresist (21) is coated. This photoresist (21) is exposed to a prescribed pattern and 
developed so as to form photoresist patterns (21a), (21b) shown in Figure 22c. Then, as shown in Figure 
22d, plasma etching is performed to selectively etch metal composite layer (16). Then, photoresist 
patterns (21a), (21b) are separated to form the structure shown in Figure 22e. 

Then, as shown in Figure 22f, on the entirety of the surface of the structural body, passivation film 
(22) made of silicon dioxide is formed and attached. Then, a photoresist is coated, followed by exposure 
and development to form photoresist pattern (23) shown in Figure 22g. Then, with said photoresist 
pattern used as a mask, wet etching is performed, and silicon dioxide is selectively etched off to form the 
structure shown in Figure 22h. Then, photoresist pattern (23) is peeled. Then, with silicon dioxide as a 
mask, the exposed portion of silicon base plate (1 1) is subjected to conventional anisotropic etching, so 
that the lower side of part (16a) is undercut to form recession (13). In this case, said part (16a) has a 
cantilever-shaped structure. Also, when part (16a) has a bridge-shaped structure, similarly, by means of 
anisotropic etching, undercutting is used. In this example, metal composite layer (16a) has a 3-layer 
structure made of molybdenum, platinum and molybdenum, respectively, and the periphery of 
composite layer (16a) is fully enclosed by underlying insulating layer (18) and passivation insulating 
layer (16a). However, composite layer (16a) may also have a monolayer structure as needed. Also, layer 
(16a) may have a structure partially covered by an insulating layer. 

In the following, an explanation will be given in more detail regarding an application example when 
a silicon wafer is used as base plate (11) with reference to Figure 23. The upper surface of silicon base 
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plate (1 1) is (100) surface. Here, while ink flow channel (1 la) is formed by means of anisotropic 
etching, heating part (16a) of heater is formed by means of under-etching. In this case, heating part (16a) 
with a bridge-shaped structure is set at an angle 0=45° so that heating part (16a) with the bridge-shaped 
structure is not parallel to (1 1 1) plane. In the application example shown in Figure 23, on the upper 
surface of base plate (11) nearly in rectangular shape, one end of ink flow channel (11a) opens to the end 
portion of base plate (11), and it informed by etching to a channel shape extending in a straight line. 
Near the end of ink flow channel (11a), heater element (16) with heating part (16a) is set extending in a 
bridge shape at an angle of 45°. In addition, detecting element (26) is set parallel to heater element (16), 
and said detecting element (26) also has detecting part (26a) having the same bridge-shaped structure as 
aforementioned, as well as a pair of lead parts (26b), (26b) connected to its two ends, and electrode parts 
(26c), (26c). Also, one may also adopt a scheme in which detecting element (26) is formed from the 
same substance as that of heater element (16) at the same time. Said detecting element (26) detects 
variation in the electrical characteristics (such as electrical resistance) at detecting part (26a) to measure 
the state of the ink in ink flow channel (11a), such as ink liquid temperature and flow velocity. On base 
plate (11), cover plate (12) with nozzle hole (12a) formed through it is covered. In this case, it is 
preferred that a sealing plate of a prescribed shape be included between the two members. Also, in 
Figure 23, only a single nozzle hole (12a) and a single ink flow channel (1 la) are shown. However, one 
may also adopt a scheme in which a multinozzle structure is formed by carving ink flow channel (11a) 
and corresponding nozzle holes (12a) in an array shape on base plate (11). 

In the following, an explanation will be given regarding application examples in which a silicon base 
plate is used, and the heater and detector are in a cantilever-shaped structure with reference to Figures 
24-30. Figures 24-26 are cross-sectional views taken at different sites to illustrate cover plate (12), 
sealing plate (19) and base plate (1 1) as an example of the thermal inkjet printing head of the present 
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invention. As shown in Figure 26, on the upper surface of silicon base plate (1 1), insulating layer (18) 
made of silicon dioxide or the like is formed and attached, and said insulating layer (18) is patterned to 
the prescribed shape. Also, the selected portion of base plate (1 1) is etched off to form the recession that 
defines ink chamber (13). The left end of ink chamber (13) is connected to the common ink feeding 
path, and, near its right end, a pair of supporting parts (1 8a) of insulating layer (18) protruding in ink 
chamber (13) in cantilever shape are formed. On these parts, ring-shaped heating part (16a) of heater 
element (16) and ring-shaped detecting part (26a) of detecting element (26) are formed. 

In the application example shown in Figure 26, upper lead part (16b) of heater element (16) and 
lower lead part (26b) of detecting element (26) are connected to common lead (36). On base plate (11) 
having said constitution, sealing plate (19) having rectangular-shaped window (19a) shown in Figure 25 
is covered. Then, as shown in Figure 24, cover plate (12) having round-shaped nozzle hole (12a) formed 
through it is covered. As a result, the printing head is completed. Also, when assembly is performed in 
this way, rectangular window (19a) is roughly around the outer periphery of ink chamber (13), so that 
the range of ink chamber (13) filled with ink is defined. In addition, nozzle hole (12a) is set aligned to 
ring-shaped heating part (16a) of heater element (16). This state can be seen from Figure 28. 

The printing head shown in Figures 29 and 30 show a modified example of said printing head. In this 
case, on the left end of base plate (1 1), each ink chamber (13) has one end open to define nozzle hole 
(13a), or the right end of ink chamber (13) is connected to ink feeding channel (14) carved on base plate 
(1 1). In the space in each ink chamber (13), a pair of ring-shaped heating parts (16a) and ring-shaped 
detecting part (26a) are formed protruding in cantilever shape. Also, as shown in Figure 29, heater 
element (16) and detecting element (26) are shown schematically. One should pay attention to this fact. 
As can be seen from Figure 30, sealing plate (19) having the prescribed shape is covered on base plate 
(1 1). In addition, back plate (20) is applied on it. Consequently, in this example, base plate (1 1) and 
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back plate (20) define nozzle hole (13a) oriented in the lateral direction on one side portion of base plate 
(11). 

In the following, an explanation will be given regarding the heater and detection driver having said 
heater element (16) and detecting element (26) with reference to Figures 31 and 32. As shown in Figure 
31, for example, as ink (15) filled in the ink flow channel formed between base plate (11) and cover 
plate (12) is locally heated, bubbles are generated, and their exhaust volume is used to press ink (15) out 
from nozzle hole (12a) to form ink droplet (15a). At the same time, by means of detecting part (26a) of 
detecting element (26), the temperature of ink (15) is detected, and, on the basis of its liquid temperature 
information, heating driving of heating part (16a) is controlled to form optimum ink droplet (15a). For 
this purpose, heater driver (21) connected to heater element (16) is connected to timing circuit (23) and 
heater driving controller (24), and, similarly, liquid temperature detector (22) connected to detecting 
element (26) is also connected to timing circuit (23) and heater driving controller (24). 

In this case, as described in the application example shown in Figure 26, the following scheme is 
preferred: heater element (16) and detecting element (26) are commonly connected to (36) to form a 
constitution connected to heater driver (21) and liquid temperature detector (22). Figure 32 illustrates a 
preferable modified example of said constitution. Also, in this case, common lead (36) may be 
connected to ground. 

In the following, with reference to Figures 33-35, an explanation will be given in more detail 
regarding the following constitution: the bridge-shaped or cantilever-shaped multilayer structure of the 
heater element has at least one layer with a linear expansion coefficient different from the other layers. 
As a result, the multilayer structural body undergoes mechanical vibration, and the vibration 
phenomenon is used to impart kinetic energy to the ink so as to contribute to formation of the ink 
droplet. In the application example shown in Figures 33 and 34, insulating layer (18) is coated and 
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formed on the upper surface of base plate (11). Said insulating layer (18) is patterned to a prescribed 
shape, and, together with it, the selected portion of base plate (1 1) is etched off to define ink chamber 
(13). A portion of said insulating layer (18) is made to extend into the space of ink chamber (13) to form 
supporting parts (18a). On insulating layer (18), heater element (16) is formed. It has a pair of lead parts 
(16b) set side-by-side, intermediate parts (16d) extending obliquely toward each other in cantilever 
shape in the space of ink chamber (13), and ring-shaped heating part (16a) connected to their tips. 
Consequently, said pair of intermediate parts (16d) and ring-shaped heating part (16a) form a cantilever- 
shaped structure, forming a 2-layer cantilever-shaped beam formed and attached to supporting parts 
(18a) made of an insulating substance and nearly in the same shape. 

Said cover plate (12) is set above base plate (1 1) at a prescribed distance, forming ink feeding 
channel (14) between them. Said ink feeding channel (14) is connected to an ink feeding source, and is 
usually filled with ink. At prescribed sites of cover plate (12), nozzle holes (12a) are formed through it. 
As a portion of the ink is injected, ink droplet (15a) for printing is formed. In this case, if heater element 
(16) is made of platinum while insulating layer (18) is made of silicon dioxide, as the linear expansion 
coefficient of heater element (16) is greater than that of insulating layer (18), as heating part (16a) is 
heated, the cantilever-shaped beam is heated, and the cantilever-shaped beam bends down as indicated 
by the broken line. Consequently, due to this bending movement, the ink in ink chamber (13) generally 
flows clockwise as indicated by the arrow, and it is pressed and elongated toward nozzle hole (12a). As 
said cantilever-shaped beam only bends downward, it is possible to have the ink ejected from nozzle 
hole (12a) to form ink droplet (15a), too. However, in this case, bubbles are generated in ring-shaped 
heating part (16a), and its exhaust volume can be used efficiently in forming ink droplet (15a). In 
addition, in the application example shown in Figures 33 and 34, said ring-shaped heating part (16a) is 
offset to the right hand side of nozzle hole (12a). However, one may also adopt a scheme in which, as 
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the cantilever-shaped structural body bends upward due to heating, heating part (16a) is formed aligned 
to nozzle hole (12a). Also, usually, as platinum and silicon dioxide do not adhere well to each other, one 
may have a primer layer made of molybdenum, chromium, titanium, or the like set between platinum 
and silicon dioxide. 

Figure 35 is a diagram illustrating an application example in which the cantilever-shaped beam bends 
upward under heating. That is, although the application example shown in Figure 35 has many points of 
structure similar to those explained in the above, it nevertheless has a special feature that sealing plate 
(19), which also plays the role of a spacer, is included between base plate (1 1) and cover plate (12). 
Also, in this application example, heater element (16) is formed and attached to insulating layer (18) 
attached to the upper surface of base plate (11) and attached to the heater element is overcoat insulating 
layer (22) made of the same front-edge material [sic, insulating material] as that of insulating layer (18) 
yet having a larger film thickness. Consequently, in principle, the cantilever-shaped beam in this 
application example has a 3-layer structure, with its upper layer (22) and lower layer (18) made of the 
same insulating substance, yet with said upper layer (22) formed thicker than said lower layer (18). 
Consequently, when heated by heater element (16), the cantilever-shaped beam structure bends upward 
as indicated by the broken line. Consequently, due to said upward bending movement, the ink is pressed 
out via nozzle hole (12a) to form an ink droplet. In the example shown in the figure, it is preferred that 
the tip portion of the cantilever-shaped beam structure be positioned near nozzle hole (12a). However, it 
is also possible to offset it somewhat from nozzle hole (12a). In addition, it is preferred that, in addition 
to the bending movement of the cantilever-shaped beam, bubbles are instantly generated on heating part 
(16a) and their exhaust volume also exploited in forming the ink droplet. As explained above, when 
heater element (16) is made of platinum and upper insulating layer (18) and lower insulating layer (22) 
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are made of silicon dioxide, it is preferred that molybdenum be included as an adhesive layer between 
them. 

In the following, an explanation will be given regarding the application examples shown in 
Figures 36-38. In the application example shown in Figures 36 and 37, the upper surface of base plate 
(1 1) is selectively etched off to form an ink flow channel having ink chamber (13) and ink feeding 
channel (14). The space of the ink chamber is extended, and heating part (16a) having a ring is formed 
in a bridge shape. One end side of ink chamber (1 3) is connected to nozzle hole (1 3a) defined on one 
side portion of base plate (11), and the ink droplet is ejected via it. In this application example, ink 
chamber (13) is formed by partially expanding the channel width of the ink flow channel. In this case, 
too, it is possible to realize the same effect in preventing backflow due to a rise in the flow resistance to 
the side of ink feeding channel (14) just as when undercutting etching is performed downward on base 
plate (1 1) as explained above. In this application example, it is possible to form the ink flow channel in a 
single round of etching, so that the manufacturing process can be simplified. In addition, in the 
application example shown in the figure, the shape tapers toward the tip, that is, from ink chamber (13) 
toward nozzle hole (13a). However, one may also adopt a scheme in which the transition portion has the 
same width or a flared shape. 

As shown in Figure 37, cover plate (12) is set via sealing plate (19). Also, as a modified example of 
this application example, nozzle hole (13a) may be blocked, and nozzle hole (12a) is formed through the 
prescribed site of cover plate (12) as indicated by the broken line. 

Figure 38 is a diagram illustrating another application example. In this case, a selected site of base 
plate (1 1) is etched off to form a channel-shaped trench that defines ink chamber (13). On one end of 
this chamber, nozzle hole (13a) is defined. In the ink chamber, a heater having ring-shaped heating part 
(16a) is set extending into the space. On base plate (11), back plate (20) is set via sealing plate (19) that 
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also plays the role of a spacer. In this application example, a trench in the prescribed shape is carved on 
back plate (20) to form ink feeding channel (14). This ink feeding channel (14) is connected to ink 
chamber (13). In this case, positioning is performed so that orifice (14a) is formed at the connecting site 
of ink feeding channel (14) and ink chamber (13). Consequently, the flow resistance is set high due to 
this orifice (14a) so as to prevent backflow from ink chamber (13). In addition, as a modified example of 
this application example, cavity portion (20a) may be formed as indicated by the broken line at the site 
corresponding to heating part (16a) of back plate (20). 

In the following, an explanation will be given regarding another application examples with reference 
to Figures 39 and 40a-40d. In the application example shown in Figure 39, while channel-shaped ink 
feeding channel (14) is carved on the surface of base plate (11), ink chamber (13) in a flared shape is set. 
In this application example, ink chamber (13) is connected to nozzle hole (13a) defined on one end of 
base plate (1 1) via a tapered transition portion. Said heating part (16a) is set in ink chamber (13) at the 
position of the flared portion as a transition from ink feeding channel (14) to ink chamber (13), and 
ring-shaped heating part (16a) is connected to a pair of lead parts (16b), (16b). 

In the following, an explanation will be given regarding the operation principle of the constitution 
shown in Figure 39 with reference to Figures 40a-40d. As shown in Figure 40a, ring-shaped heating part 
(16a) is heated, so that film boiling takes place, and growth of bubbles (17) starts. In this case, as 
ring-shaped heating part (16a) is positioned near the boundary between ink feeding channel (14) and ink 
chamber (13), generated bubbles (17) clog ink feeding channel (14). Then, as shown in Figure 40b, as 
bubbles (17) grow, depending on the contact angle with ink chamber (13) and the surface tension of 
bubbles (17), bubbles (17) expand toward nozzle hole (13a). In this case, as ink feeding channel (14) 
stays blocked, no pressure can be transmitted to that side. Consequently, ink (15) in ink chamber (13) is 
pressed out to the side of nozzle hole (13a). As no pressure is applied on the side of ink feeding channel 
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(14), ink (15) flows unidirectionally. As a result, ink (15) is ejected from nozzle hole (13a) to form an 
ink droplet. 

Then, after the pulse current, as shown in Figure 40c, ring-shaped heating part (16a) is quenched by 
surrounding ink (15), bubbles (17) diminish instantly, and ink liquid surface (15b) is suctioned in. Then, 
as shown in Figure 40d, from ink feeding channel (14), fresh ink is fed into ink chamber (13), 
and said ink liquid surface (15b) recovers to an appropriate meniscus shape under its surface tension. In 
this way, according to the present application example, bubbles (17) are actively grown toward nozzle 
hole (13a) in this constitution, so that due to growth of bubbles (17), the exhaust volume is exploited to 
make an effective use of the kinetic energy with directionality in forming the ink droplet. 

Figure 41 is a diagram illustrating a modified example of said application example. In this case, there 
is ink feeding auxiliary channel (30) set as another ink feeding channel connected to the transition 
portion between ink chamber (13) and nozzle hole (13a). In this case, it is preferred that the flow 
resistance of ink feeding auxiliary channel (30) be set higher than that of the transition portion between 
ink chamber (13) and nozzle hole (13a). Figure 42 illustrates another modified example. In this case, 
flow control element (31) is set in the flow channel of the transition portion, and it is possible to set 
appropriate proportions for the flow of ink from ink chamber (13) and the flow of ink from ink feeding 
auxiliary channel (30). Figure 43 is a diagram illustrating yet another modified example. In this case, the 
cross-sectional area of transition portion (30a) from ink feeding auxiliary channel (30) to nozzle hole 
(13a) is selected larger than that of the transition portion between ink chamber (13) and ink feeding 
auxiliary channel (13) [sic, (30)], so as to increase the effect in suctioning ink from ink feeding auxiliary 
channel (30). Figure 44 is a diagram illustrating yet another modified example. In this case, transition 
portion (30a) is formed in a flared shape and inclines at an angle of a. 



24 



In the following, an explanation will be given regarding other application examples of the present 
invention with reference to Figures 45 and 46. In these application examples, the feature that 
directionality is imparted to generation of bubbles so as to improve the effect in forming the ink droplet 
is the same as that in the aforementioned application examples. In the application example shown in 
Figure 45, plural (four in the example shown in the figure) heating parts (16ai)-(16a 4 ) are set 
side-by-side along the ink flow channel and the longitudinal axis of ink chamber (13), and these 
overheating parts [sic, heating parts] generate heat sequentially toward nozzle hole (13a). As a result, the 
generated bubbles grow sequentially toward nozzle hole (13a), and the exhaust volume with 
directionality contributes to the press-out operation of the ink. In the application example shown in 
Figure 46, a heater HI and thermistor Tl pair are connected in parallel, and they are connected in series 
to another heater H2 and thermistor T2 pair. Voltages VI and V2, respectively, are applied on the nodes. 
In this case, the resistance values are selected such that T1>H1. Consequently, as current flows in HI, 
heat is generated, and bubbles are generated on HI. As HI and Tl are integrated with each other, the 
temperature of T2[sic, Tl] also rises and its resistance falls, so that current flows in Tl. Then, the 
current in HI falls. Because the resistance of thermistor Tl is lower by orders of magnitude, the 
synthetic resistance of Tl, HI, T2, H2 decreases, and current flows in the path of T 2 -> H2 under 
applied voltage V2. Here, H2 is heated, and then the current in T2 rises, and bubbles are generated on 
H2. As H and T are set near each other, temperature rises for them in the same way. However, as T is 
overheated [sic, heated] after heating of H, there is a certain time lag between them (tens of (is ~ a few 
msec), and the bubbles move toward nozzle hole (13a). 

In the following, an explanation will be given regarding the application example shown in Figure 47. 
In this case, too, just as in said application example, the bubbles grow toward nozzle hole (13a). Also, 
according to this application example, overheating part (16a) [sic, heating part (16a)] roughly in a 
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V-shape and in an undulating configuration is set along the flared wall of the flared transition portion 
from ink feeding channel (14) to ink chamber (13). In the following, an explanation will be given 
regarding its operation with reference to Figures 48a-48d. As shown in Figure 48a, as a pulse current is 
applied on overheating part (16a) [sic, heating part (16a) to perform overheating [sic, heating], a pair of 
bubbles (17), (17) are generated along the walls, respectively. Then, as shown in Figure 48b, the pair of 
bubbles merge. In this case, merging of bubbles first takes place on the side where the flared wall 
connected to ink feeding channel (14) becomes narrower. Also due to the effect that bubbles tend to 
form in a spherical shape because of surface tension, ink feeding channel (14) is clogged. At the same 
time, on the side where the flared wall expands, movement of the bubbles leads to feeding of fresh ink to 
the heater surface. Then, as shown in Figure 48c, the fresh ink is gasified to bubbles due to overheating 
[sic, heating]. Because the side of ink feeding channel (14) is narrower, there is no change in the 
position of the bubble surface corresponding to the surface tension of the bubbles, the contact angle 
between the liquid and the wall surface, and the pipe resistance. On the other hand, on the opposite side, 
in company with the formation of a fresh bubble surface, bubbles in the stable shape shown in the figure 
form due to the surface tension. As shown in Figure 48d, because the pipe resistance and the resistance 
due to nozzle is low, ink is extruded toward nozzle hole (13a). As the bubbles grow, they are cooled by 
the surrounding ink liquid, so that the bubbles shrink and diminish. 

Figure 49 illustrates another application example. In this case, the width of overheating part (16a) 
[sic, heating part (16a)] is sequentially changed along its longitudinal direction so as to control the time 
for reaching the prescribed temperature in the longitudinal direction inside ink chamber (13) and thus 
imparting directionality to growth of the bubbles and to display the effect is extruding the ink no [sic, 
toward] nozzle hole (13a). The heater width and thermal capacity in the application example shown in 
Figure 49 along the longitudinal axis are shown in Figures 50a and 50c, respectively. In addition, the 
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time until generation of the bubbles versus the heater position is shown in Figure 50c. The operation of 
the application example shown in Figure 49 can be seen clearly with reference to Figures 51-53. Also, in 
each of Figures 51a-51c, time is taken as the abscissa, and the applied voltage is taken as the ordinate. 
Also, in Figures 52a-52c, the heater position is taken as the abscissa, and temperature is taken as the 
ordinate. In Figures 53a-53c, the heater position is taken as the abscissa; they illustrate the site where 
bubbles are generated. In Figures 51-53, a and b correspond to each other. 

Effects 

As explained above in detail, according to the present invention, it is possible to significantly reduce 
power consumption and to increase response speed. Consequently, it enables high-speed printing. In 
addition, as the structure is simple, manufacturing becomes easier, and high-precision processing can be 
performed easily to incorporate novel mechanisms. Especially, it is effective in constructing 
high-density multinozzle structures. 

In the above, the embodiment of the present invention has been explained in detail. However, the 
present invention is not limited to these examples. Various modifications can be made as long as the 
technical range of the present invention is observed. 

Brief description of the figures 

Figure 1 is a schematic diagram illustrating the constitution of a typical thermal inkjet printing head 
of the prior art. Figure 2 is a schematic diagram illustrating Application Example 1 of the thermal inkjet 
printing head of the present invention. Figure 3 is a schematic plan view of the printing head shown in 
Figure 1. Figures 4a-4c are diagrams illustrating the operation principle of the printing head shown in 
Figure 1. Figure 5 is a schematic oblique view illustrating the printing head shown in Figures 2 and 3. 



27 



Figures 6a-6c are plan views illustrating the application examples pertaining to heater element (16). 
Figures 7a and 7b are schematic cross-sectional views illustrating modified examples of the nozzle hole. 
Figures 8a and 8b are schematic cross-sectional views illustrating the application examples different 
from each other with respect to the relative position relationship between overheating part [sic, heating 
part] (16a) and nozzle hole (12a), respectively. Figures 9-1 1 are schematic plan views illustrating heater 
element (16) in a cantilever-shaped beam structure. Figure 12 is a schematic cross-sectional view taken 
across B-B in Figure 9. Figure 13 is a schematic plan view illustrating the case whein heater element (16) 
has a 2-layer cantilever-shaped beam structure. Figure 14 is a schematic cross-sectional view taken 
across C-C in Figure 13. Figure 16 is a schematic cross-sectional view illustrating an application 
example when a straight line ink channel is formed on the surface of base plate (11). Figure 17 is its 
exploded schematic oblique view. Figure 18 is a schematic cross-sectional view illustrating an 
application example in which an ink feeding channel is formed on the inner surface of base plate (1 1). 
Figure 19 is a schematic cross-sectional view illustrating the case when base plate (1 1) is anisotropically 
etched to form the nozzle hole. Figure 20 is its exploded schematic oblique view. Figure 21 is a 
schematic cross-sectional view illustrating a modified example of this case. Figures 22a-22i are . 
schematic cross-sectional views illustrating an example of the manufacturing method of the printing 
head in an application example. Figure 23 is an exploded oblique view illustrating the case when 
detecting element (26) is set in parallel to heater element (16) used as base plate (1 1) composed of a 
silicon wafer. Figure 24 is a schematic partial plan view illustrating an example of cover plate (12). 
Figure 25 is a schematic partial plan view illustrating an example of sealing plate (19). Figure 26 is a 
schematic partial plan view illustrating an application example in which base plate (11) and heater 
element (16), detecting element (26) formed on it are set parallel to each other. Figures 27 and 28 are 
schematic cross-sectional views taken across D-D line and E-E line in Figure 26, respectively. Figure 29 
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is a schematic partial plan view illustrating an application example when nozzle hole (13a) is defined on 
one portion of base plate (11). Figure 30 is a schematic cross-sectional view taken across F-F in 
Figure 29. Figure 31 is a schematic diagram illustrating an example of the driver of heater element (16) 
and detecting element (26). Figure 32 is a schematic diagram illustrating a modified example of said 
example. Figure 33 is a schematic cross-sectional view illustrating an application example containing 
cantilever-shaped 2-layer structure heater element (16). Figure 34 is a schematic plan view illustrating 
the positional relationship of heater element (16) and ink chamber (13). Figure 35 is a schematic 
cross-sectional view illustrating a modified example of said example. Figure 36 is a schematic partial 
plan view illustrating an application example in which the surface of base plate (1 1) is partially 
expanded in the lateral direction to define ink chamber (13). Figure 37 is a schematic cross-sectional 
view taken across G-G in Figure 36. Figure 38 is a schematic cross-sectional view illustrating a 
modified example of said example. Figure 39 is a schematic plan view illustrating an application 
example in which directionality is imparted to growth of bubbles. Figures 40a-40d are schematic 
diagrams illustrating the operation principle of said scheme. Figures 41-44 are schematic plan views 
illustrating a modified example in which ink feeding auxiliary channel (30) is set. Figures 45 and 46 are 
schematic diagram illustrating an application example in which plural heater elements are set 
side-by-side along the longitudinal axis of the ink flow channel to impart directionality to growth of the 
bubbles. Figure 47 is a schematic diagram illustrating a modified example of the scheme in imparting 
directionality to growth of the bubbles. Figures 48a-48d are schematic diagrams illustrating the 
operation principle of the aforementioned scheme. Figure 49 is a schematic diagram illustrating another 
modified example when directionality is imparted to growth of bubbles. Figures 50a-50c are graphs 
illustrating the various characteristics of the structure shown in Figure 49. Figures 51a-51c, 52a-52c and 
53a-53c are graphs illustrating the operation principle of Figure 49. 
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Brief description of part numbers 
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22 Liquid temperature detector 
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